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(54) Optical wavelength multiplexing system having a redundant configuration 



(57) A protection switch comprising a demultiplexer 
(10. 11), optical selector (2. 3), a multiplexer (14), and a 
monitor circuit (15) is provided on the input side and the 
output side of an optical XC node. The demultiplexer 
(10, 11) demultiplexes the wavelength-multiplexed opti- 
cal signals of a 0-system and a 1 -system, and transmits 
these optical signals to the optical selectors (12, 13) 
which are provided for the respective wavelengths. The 
optical selectors (12, 13) are controlled by the monitor 
circuit, and switch the optical signal of one system to 



that of the other system when a fault occurs. The optical 
signals of the respective wavelengths outputted from 
the optical selectors are multiplexed by a multiplexer 
(14) to be transmitted. The demultiplexer (10, 1 1) and 
the multiplexer (14) can be differently arranged depend- 
ing on the configuration of a transmission line or the 
optical XC node. Further, a nujtti-wavelength selection 
filter such as an acousto-optical filter or the like can b 
used as a protection switch. 
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Description 

Background of the Invention 
Reld of the Invention 

[0001 J The present invention relates to a redundant 
structure in an optical wavelength multiplexing system. 

Description of the Related Art 

[0002] With the increase in the processing speed and 
the capacity of information, the need for broadening the 
band of/increasing the capacity of a network and a 
transmission system has been required. Therefore, as 
one of the means of realizing this, the configuration of 
an optical network based on a wavelength division mul- 
tiplexing technology has been desired. When configur- 
ing an optical network, a key point ts an optical path 
cross connection system in an optical wavelength multi- 
plexing system (a device for routing optical signals 
inputted from a plurality of optical fibers, whose wave- 
lengths have been multiplexed, to desired output optical 
f ibers for each wavelength). 

[0003] On the other hand, with the increase in a trans- 
mission capacity, faults which occur In the transmission 
line and a node have a great influence. Therefore, it is 
necessary to provkie a redundant configuration in the 
transnussion line and the node in order to increase the 
reliability at the time of faults. 
[0004] Rgs. 1 A and 1 B show examples of a redundant 
configuration in a conventional optical wavelength multi- 
plexing system. 

[0005] Rg. 1 A shows an example of a redundant con- 
figuration of a node output portion in the conventional 
optical wavelength multiplexing system (for example, 
optical path cross connection system; optical XC sys- 
tem). 

[0006] A node is duplexed (0*system/1 -system), and 
is provided with optical selectors 2700 and 2701 at the 
output. Monitor circuits 2702 and 2703 detect whether 
output optical signals are normal or abnormal tor all the 
wavelengths outputted from each node, and control the 
switching of protection switches (optical selectors 2700 
and 2701). 

[0007] In Rg. 1 A, a set of an optical XC node, a pro- 
tection switch, and monitor circuits 2702 and 2703 is 
provkJed. Actually, however, the same nuni^er of optical 
selectors and the same number of monitor circuits are 
provided as tiiat of a 0-system line 2704 and a 1 -system 
line 2705, outputted from the optical XC nodes. 
[0008] The monitor circuits 2702 and 2703 input both 
the 0-system line 2704 and the 1-systeiVi line 2705. 
which correspond to the optical XC node (0) and the 
optical XC node (1), respectively. Then, the circuits 
receive optical signals, and monitor whether or not 
faults occur on the lines. When the 0-system line is 
being used, if themonitor circuit 2702 or 2703 detects 



the occunence of a fault in this 0-system line, the optical 
selector 2700 or the optical selector 2701 is controlled 
to switch to tiie 1 -system line. 
[0009] Fig, 1 B shows an example of a redundant con- 

5 figuration in an input transmission line to a node in a 
conventional optical XC system. 
(001 0] The transmission line is duplexed (O-system/1 - 
system), and a protection switch 2708 is provided at the 
preceding stage of the optical XC system. The protec- 

10 tion switch 2708 is composed of optical selectors 2709 
and 2710, and monitor circuits 2706 and 2707 con-e- 
sponding to these optical selectors. The optical trans- 
mission line which has redundancy to provide a 0- 
system and a 1 -system is configured by a set of a O-sys- 

15 tem transmission line and a 1 -system transmission line, 
and tills set of transmission lines is connected to the 
optical selector 2709 or 2710. The monitor circuits 2706 
and 2707 detect whether the input optical signals from 
each transmission line are normal or abnormal for all 

20 the wavelengths. When a fault is detected in the optical 
signals, the protection switch 2708 is controlled to be 
switched. In tiie case of Fig. IB, the optical XC node is 
not provkJed with a redundant configuration, but this 
node can further be provkied with a 0-system node and 

25 a 1 -system node as shown in Fig, 1 A. In this case, the 
optical selectors 2709 and 2710 shouW be provkJed 
with two inputs and two outputs. 
[001 1 ] Figs. 2A and 2B show examples of the config- 
uration of a conventional protection switch (optical 

30 selector). Fig, 2A shows the case where an optical 
selector is configured by 2 x 2 optical switches. When a 
fransmission line to be inputted to the optical selector 
has redundancy to provkie a 0-system and a 1 -system 
as shown in Rg. 1 A or 1 B. only one output is used. 

35 [001 2] Fig. 2B shows a configuration where gate-type 
optical switches and an optical coupler are combined. 
These switches are basically the same as a convention- 
ally known optical switch, but they make use of a func- 
tion of switching the optical path of the inputted optical 

40 signal. That is, these optical switches are configured in 
such a way that the optical signal whose optical path 
has been switched is prevented from being externally 
outputted by using a photo absorption material or the 
like, which is provided along the optical path. The optical 

45 switches having such a configuration are used as opti- 
cal gates. An optical coupler can be a conventionally- 
known optical coupler, and only transmit the optical sig- 
nal outputted from the optical gate to the transmission 
line. 

so [001 3] As an example of such an optical switch, an 
optical switch which is conrposed of an inductive mate- 
rial such as LiNbOs or a semiconductor such as InP, 
GaAs or the like, can be adopted. This switch performs * 
ON/OFF control by being applied by a voltage or a cur- 

55 rent As one example of the details of such an optical 
switch, please refer to the document IEEE JOURNAL 
ON SELECTED AREAS IN COMMUNICATIONS. VOL 
6. NO. 7. pp. 1267-1272 (1988)" or the like. 
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[0014] According to the conventional configuration, 
one wavelength transmission system is used. Accord- 
ingly, when a monitor circuit detects a fault only in one 
wavelength of an optical signal having a plurality of 
wavelengths which have been multiplexed, even the 
remaining normal optical signals are simultaneously 
switched to the other system by a protection switch. 
[0015] In the case of one wavelength transmission, 
since the optical signal to be transmitted has one wave- 
length, that is. one channel, no problem will arise. In an 
optical wavelength multiplexing system, however, since 
an optical signal of a plurality of wavelengths is transmit- 
ted to one transmission line, even optical signals in 
which faults do not occur are also switched. 
[001 6] Therefore, in an originally normal optical signal, 
a signal disconnection is generated at the time of the 
switching so that the transmission efficiency will deteri- 
orate. Even if an optical switch which performs process- 
ings at high speed up to a level where any error will not 
occur in directing a signal, a circuit is required for 
matching a phase of an optical signal of the 0-system 
with that of the 1 -system before the protection switch. 
The same number of these circuits is required as that of 
the wavelengths so that the amount of hardware will 
increase. Further, it is more difficult to perform the 
switching and the phase matching for a high speed opti- 
cal switch, as the transmission speed increases. 
[0017] In spite of the at)ove-mentioned problems, 
however, no specific configuration other than a configu- 
ration of one wavelength transmission is proposed at 
present, for the redundant configuration of an optical 
wavelength multiplexing system. 

Summary of the Invention 

[0018] The present invention provides an optical 
wavelength multiplexing system having a redundant 
configuration only for switching the optical signal of a 
wavelength in which a fault occurs, arrwng optical sig- 
nals whose wavelengths have been multiplexed. 
(001 9] In the optical wavelength multiplexing system 
according to a first aspect of the present Invention, a 
plurality of input and output optical fibers transmitting 
wavelength-multiplexed optical signals are Included. 
Further, In this optical wavelength multiplexing system 
for processing the optical signals for each wavelength, a 
protection switch is provided on an output side of a node 
duplexed into a first system and a second system. This 
protection switch comprises a demultiplexer for demulti- 
plexing an optical signal to be inputted after Its wave- 
lengths have been multiplexed, into optical signals for 
each wavelength: an optical selector provided for each 
wavelength, for selecting optical signals outputted from 
either one of the duplexed nodes: and a multiplexer for 
coupling optical signals for each wavelength transmitted 
from the optical selector, is provided. When a fault is 
detected in an optical signal of a certain wavelength 
included in optical signals transmitled from either one of 



systems, the optical selector only switches an optical 
signal of the wavelength in which the fault is detected, 
into the other system. 

[0020] An optical wavelength multiplexing system 

5 according to a second aspect of the present invention, 
includes a plurality of input and output optical fibers 
transmitting wavelength-multiplexed optical signals. In 
this optical wavelength multiplexing system for process- 
ing optical signals in units of wavelengths, a protection 

10 switch is provided on an output side of a node which Is 
duplexed into a first system and a second system. This 
protection switch comprises an optical selector provided 
for each wavelength, for selecting optical signals output- 
ted from either one of the duplexed nodes, and a multl- 

15 plexer for coupling optical signals for each wavelength 
transmitted from the optical selector. When a fault is 
detected in an optical signal of a certain wavelength 
Included in optical signals transmitted from either one of 
the systems, the optical selector only switches an opti- 

20 cal signal of the wavelength in which the fault is 
detected, into the other system. 
[0021] An optical wavelength multiplexing system 
according to a third aspect of the present invention. 
Includes a plurality of input and output optical fibers 

25 transmitting wavelength-multiplexed optical signals. In 
this optical wavelength multiplexing system for process- 
ing optical signals in units of wavelengths, a protection 
switch Is provided on a transmission line which Is 
duplexed into a first system and a second system. This 

30 protection switch connprises a multiplexer for multipl x- 
Ing optical signals to be inputted after their wavelengths 
have been multiplexed, into optical signals for each 
wavelength: an optical selector provided for each wave- 
length, for selecting optical signals outputted from either 

35 one of the duplexed nodes, and a multiplexer for cou- 
pling optical signals for each wavelength transmitted 
from the optical selector. When a fault Is detected in an 
optical signal of a certain wavelength included in optical 
signals transmitted from either one of systems, the opti- 

40 cal selector only switches an optical signal of the wave- 
length in which the fault is detected, into the other 
system. 

[0022] An optical wavelength multiplexing system 
according to a fourth aspect of the present invention, 

45 includes a plurality of input and output optical fib rs 
transmitting wavelength-multiplexed optical signals. In 
this optical wavelength multiplexing system for process- 
ing optical signals In units of wavelengths, a protection 
switch Is provided on a transmission line which is 

so duplexed Into a first system and a second system. This 
protection switch comprises an optical selector provided 
for each wavelength, for selecting optical signals output- 
ted from either one of the duplexed nodes, and a multi- 
plexer for coupling optical signals for each wavelength 

55 transmitted from the optical selector. When a fault is 
detected In an optcal signal of a certain wavelength 
Included in optical signals transmitted from either one of 
systems, the optical selector only switches an optical 
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signal of the wavelength in which the fault is detected, 
into the other system. 

[0023] An optical wavelength niultiplexing system 
according to a fifth aspect of the present invention, 
includes a plurality of input and output optical fibers s 
transmitting wavelength- multiplexed optical signals. In 
this optical wavelength multiplexing system for process- 
ing optical signals in units of wavelengths, a filter for 
selecting an optical signal of a plurality of optional wave- 
lengths is provided at a protection switch for switching io 
the systems of the outputs of a node which has been 
duplexed into the first system and the second system. 
When a fault Is detected in an optical signal of a certain 
wavelength included in optical signals transmitted from 
either one of systems, the optical selector only switches is 
an optical signal of the wavelength in which the fault is 
detected, into the other system. 
[0024] An optical wavelength nujltiplexing system 
according to a sixth aspect of the presertt invention, 
includes a plurality of input and output optical fitters 20 
transmitting wavelength-multiplexed optical signals. In 
this optical wavelength multiplexing system for process- 
ing optical signals in units of wavelengths, a filter for 
selecting a plurality of optional optical signals is pro- 
vided at a protection switch for switching the systems of 25 
the output of a node which has been duplexed into the 
first system and the second system. When a fault is 
detected in an optical signal of a certain wavelength 
included in optical signals transmitted from either one of 
the systems, the optical selector only switches an opti- 30 
cal signal of the wavelength in which the fault is 
detected, into the other system. 
[00251 An optical wavelength multiplexing system 
according to a seventh aspect of the present invention, 
comprises a transmission line for propagating an optical 35 
signal, and a node connected to the transmission line, 
for propagating the optical signal. In this optical wave- 
length multiplexing system which has redundancy by 
providing transmission lines or nodes in plural, a moni- 
tor means and a switch means are provided. The rnoni- 40 
tor means nrxjnitors a wavelength-multiplexed optical 
signal to be transmitted, for each wavelength. The 
switch means only switches an optical signal of a wave- 
length in which a fault occurs, to an optical signal trans- 
mitted from the other corresponding transmission line or 45 
node, among optical signals transmitted from the plural- 
ity of the transmission lines or nodes. 
[0026] When a fault is detected in an optical signal of 
a certain wavelength anrK>ng optical signals whose 
wavelengths have k>een multiplexed to be transmitted, $0 
the present invention only switches the system of the 
optical signal of a wavelength in which a fault occurs, 
but does not switch all the optical signals whose wave- 
lengths have been multiplexed, to any one of the sys- 
tems provided in plural. Therefore, the present invention 5S 
does not switch the system of optical signal In which a 
fault does not occur, so that a transmission deterioration 
such as a signal disconnection caused by the switching 
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of the system of a norn«l optical signal will not be gen- 
erated. 

Brief Description of the Drawings 
[0027] 

Figs. 1 A and 1 B are block diagrams showing exam- 
ples of the redundant configuration of a conven- 
tional optical wavelength multiplexing system; 
Rgs. 2A and 2B are block diagrams showing exam- 
ples of the configuration of a conventional protec- 
tion switch (optical selector); 
Rg. 3 is a block diagram showing a basic configura- 
tion of the protection switch according to one 
embodiment of the present invention; 
Rg. 4 is a block diagram showing protection switch 
operations performed at a node output portion 
according to one emtxxJiment of the present inven- 
tion; 

Rg. 5 is a t>lock diagram showing protection switch 
configuration and operations performed at an input 
transmission line to a node according to one 
emfcodimerrt of the present invention; 
Rgs. 6A and 6B are block diagrams (No. 1 ) showing 
redundant configurations of a node and a transmis- 
sion line in an XC system (without multiplexing 
wavelengths) which is generally adopted; 
Rgs. 7A and 7B are block diagrams (No. 2) showing 
redundant configurations of a node and a transmis- 
sion line in an XC system (without multiplexing 
wavelengths) which is generally adopted; 
Rgs. 8A and 8B are block diagrams showing exam- 
ples of a redundant configuration in the case where 
an optical XC node directly inputs a wavelength- 
multiplexed optical signal according to one embodi- 
ment of the present invention; 
Rgs. 9A and 9B are block diagrams showing exam- 
ples of a redundant configuration in the case where 
a transmission line is redundant; 
Rg. 10 is a block diagram showing an exanrple of a 
redundant configuration in the case where an opti- 
ca) XC node inputs demultiplexed optical signals 
and directiy outputs the thus-denujltiplexed optical 
signals; 

Rg. 1 1 is a block diagram showing another conf igu- 
ration example in the case where a transmission 
tine and an optical XC node are redundant; 
Rg. 12 is a block diagram showing a variation in 
which the optical distrtoutor shown in Rg. 1 1 is pro- 
vided before the protection switch; 
Rg. 13 is a block diagram showing another varia- 
tion in which the optical distributor shown in Rg: 1 1 
is provided tDefore the protection switch; 
Rg. 14 is a block diagram showing a redundant 
configuration example of an optical XC system in 
which the location of the optical distributor shown in 
Rg. 12 is changed; 
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Fig, 15 is a block diagram showing a redundant 
configuration exanrple of an optical XC system in 
which the location of the optical distributor shown in 
Fig. 13 is changed; 

Fig. 16 is a block diagram showing a configuration s 
example of a monitor circuit in the case where a 2 x 
2 switch is used as an optical selector; 
Fig. 17 is a block diagram showing a configuration 
example of a monitor circuit in the case where an 
optical signal gate is used as an optical selector; io 
Figs. ISA to 18C are diagrams showing configura- 
tion examples in the case where a 2-input and 2- 
output type multi-wavelength selection filter is used 
as a protection switch; 

Figs. 19A to 19C are diagrams showing configura- is 
tion examples in the case where a 1 -input and 1- 
output type multi-wavelength selection filter and an 
optical signal coupler are used as a protection 
switch; 

Fig. 20 is a diagram (No. 1) showing one embodi- 20 
ment of the present invention in the case where a 2- 
input and 2 -output type multi-wavelength selection 
filter is used; 

Fig. 21 is a diagram (No. 2) showing one embodi- 
ment in the case where a 2-input and 2-output type 2S 
multi-wavelength selection filter is used; 
Fig. 22 is a diagram (No. 1) showing a configuration 
example in the case where a 1 -input and 1 -output 
type multi-wavelength selection filter is used; 
Fig. 23 is a diagram (No. 2) showing a configuration 30 
example in the case where a 1 -input and 1 -output 
type multi-wavelength selection filter is used; 
Fig. 24 is a block diagram showing a configuration 
example of a monitor circuit to be used in an optical 
XC system comprising a 2-input and 2-output type 
multi-wavelength selection filter; and 
Fig. 25 is a block diagram showing a configuration 
example of a monitor circuit to be used in an optical 
XC system conprising a 1 -input and 1 -output type 
multi-wavelength selection filter. 

Description of the Preferred Embodiments 

(0028] Fig. 3 shows a basic configuration of a protec- 
tion switch according to one embodiment of the present 
invention. 

[0029] As shown in Fig. 3, the protection switch com- 
prises an optical demultiplexer which corresponds to 
each system, an optical selector which corresponds to 
each wavelength, and an optical multiplexer. A monitor 
circuit monitas the optical signals of all the wavelengths 
and controls the optical selector. 
[0030] That is,' a 0-system dembltiplexer 10 and a 1- 
system demultiplexer 1 1 whteh input a 0-system wave- 
length-multiplexed optical signal and a 1 -system wave- 
length-nujltiplexed optical signal, respectively, are 
provided con-esponding to the respective systenrs. The 
0-system demultiplexer 10 and the 1 -system demulti- 



plexer 1 1 demultiplex the transmitted wavelength-multi- 
plexed optical signal of wavelengths X^ to An. and 
whose wavelengths have been multiplexed to be input- 
ted, into individual wavelengths. These demultiplexers 
can be any demultiplexers if they are suitable for con- 
structing a system, such as a conventionally known fiber 
grating type demultiplexer. 

[0031 ] A nnonitor circuit 1 5 receives the 0-system and 
1 -system optical signals of wavelengths from XI to Xn, 
which are outputted from the 0-system demultiplexer 10 
and the 1 -system demultiplexer 11, and monitors 
whether or not a fault occurs in any one of the optical 
signals. In Fig. 3, a configuration corresponding to the 
wavelengths from XI to Xn only is shown, but actually 
this monitor circuit monitors all the 0-system and the 1- 
system optical signals of wavelengths from XI to Xn. 
The optical signals outputted from the 0-system demul- 
tiplexer 10 and the 1 -system demultiplexer 11 for each 
wavelengtti are inputted to optical selectors 12 and 13 
provided for each wavelength (in Fig. 3, a configuration 
corresponding to wavelengths XI and Xn is only shown). 
The selector 1 2 switches between 0- system optical sig- 
nal of wavelength XI and the 1 -system optical signal of 
wavelength XI . The selector 13 switches between the 0- 
system optical signal of wavelength Xn and the 1 -sys- 
tem optica] signal of wavelength Xn. In addition to these 
optical selectors, optical selectors which are not shown 
in this figure, each for switching between the 0-system 
optical signal of another wavelength and the 1 -system 
optical signal of this same wavelength, are provkJed. 
[0032] The optical selectors 1 2 and 13 are indivkJually 
controlled by the monitor circuit 15. and switch between 
the 0-system optical signal and the 1 -system optical sig- 
nal, for each wavelength. The optical signals of respec- 
tive wavelengths outputted from the optical selectors 12 
and 13 are inputted to a multiplexer 14, and the thus- 
inputted optical signals are multiplexed to be outputted 
to a transmission line. 

[0033] Thus, tiie protection switch demultiplexes the 
wavelength-multiplexed optical signal into respective 
wavelengths, switches between a 0-system optical sig- 
nal and a 1 -system optical signal, and multiplexes th 
thus-switched optical signals. Accordingly, the protec- 
tion switch only switches the optical signal of a wave- 
length in which a fault occurs. Therefore, a signal 
disconnection which is caused by a protection switch, is 
not generated in the optical signals of the other wave- 
lengths in which a fault does not occur, so that only a 
system of the optical signal of a wavelength in which a 
tault occurs is switched thereby maintaining a transmis- 
sion quality 

[0034] Fig. 4 is a block diagram explaining protecti n 
switch operations at a node output portion accading to 
one embodiment of the present invention. 
[0035] According to the configuration shown in this fig- 
ure, the optical XC node has redundarx;y to provde a 0- 
system and a 1 -system, and switching between the opti- 
cal signal outputted from the 0-system optical XC node 
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and the optical signal outputted from the 1 -system opti- 
cal XC node is performed by a protection switch which 
comprises demultiplexers 20 and 21. optical selectors 
22 and 23, and a multiplexer 24. Here, optical signals of 
wavelengths from X1 to X2 are multiplexed. The optical 
signal outputted from the 0-system optical XC node is 
inputted to the demultiplexer 20 to be split into an optical 
signal of wavelength k^ and that of wavelength X2. Sim- 
ilarly, the optical signal outputted from a 1 -system opti- 
cal XC node is an optical signal whose wavelengths 
from W to X2' are multiplexed. A demultiplexer 21 splits 
this optical signal into an optical signal of a wavelength 
a1 ' and that of X2\ Here, XI and XV are the same wave- 
lengths and carry the same optical signals while A2 artd 
A2* are the same wavelengths and carry the same opti- 
cal signals. 

(0036] A monitor circuit 25 monitors 0-system and 1 • 
system optical signals for each wavelength, on the out- 
put side of the demultiplexers 20 and 21. This circuit 
controls optical selectors 22 and 23 when a fault occurs, 
and switches the selectors to transmrt normal optical 
signals to a multiplexer 24. 

[0037] For example, assume that a fault is detected in 
the optical signal of a wavelength X2, which has been 
outputted from the 0-system optical XC node. In this 
case, the selector 23 provided on the X2 side is control- 
led to switch from the 0-system optical signal of the 
wavelength X2 to the 1 -system optical signal of the 
wavelength X2 (switched to the optical signal of wave- 
length X2'. in Fig. 4). Therefore, the optical signal out- 
putted from a multiplexer 24 is one obtained by coupling 
the optical signal of the wavelength XI and that of the 
wavelength X2. However, after a fault is detected in the 
optical signal of the wavelength X2. the optical signal 
outputted from the multiplexer 24 is one obtained by 
coupling the optical signal of the wavelength XI and that 
of the wavelength X2'. as shown in the right of Fig. 4. 
(0038] Thus, since only the optical signal in which a 
fault occurs is changed, it is not necessary to change 
the optical signal of a wavelength XI in which a fault 
does not occur, and accordingly a signal disconnection 
will not occur. 

[0039] Rg. 5 is a UocK diagram explaining protection 
switch configuration and operations at an input trans- 
mission line to a node, according to one embodiment of 
the present invention. 

[0040] In Fig. 5, a transmission line has redundancy to 
provide a 0-system and a 1 -system, and respective opti- 
cal signals are inputted to a demultiplexer 30 con-e- 
sponding to the 0-system and a demultiplexer 31 
corresponding to the 1 -system. As mentioned above, 
these demultiplexers 30 and 31 split the wavelength- 
multiplexed optical signal into optical signals of the 
respective wavelengths to be inputted to the optical 
selectors 32 and 33. Here, the number of wavelengths 
to be multiplexed is 2. and the optical signal of a wave- 
length XI (aXIO and the optical signal of a wavelength 
X2(=X2> are generated. However, the ^number of 



wavelengths to be multiplexed is not restricted to 2. and 
the same number of optical selectors is provided as that 
of optical signals of wavelengths to be multiplexed. Opti- 
cal signals which propagate through the 0-system and 

5 the 1 -system transmission lines are the same. 

[0O41] The nronitor circuit 35 monitors the outputs 
from the demultiplexers 30 and 31. and controls the 
switching of optical selectors 32 and 33 provided for 
each system. In Rg. 5. assume that a fault is detected in 

TO the 0-system optical signal of a wavelength X2. In this 
case, the monitor circuit 35 controls the optical selector 
33 on the X2 side, and switches the optical signal of the 
wavelength X2 from the 0-system to 1 -system (switches 
from the optical signal of X2 to an optical signal of X21. 

15 Therefore, only the optical signal in which a fault occurs 
is switched to be transmitted to an optical XC node. As 
shown in the right of Fig. 5. the optical signal of a wave- 
length XI and that of a wavelength X2' are transmitted to 
the optical XC node. 

20 [0042] Figs. 6A to 7B are block diagranns showing the 
redundant configurations of a node and a transmission 
line in an XC system (without multiplexing a wavelength) 
which is generally adopted. 

[0043] In Fig. 6A, only the node is duplexed, and the 

25 systems are switched by the selector when a fault 
occurs on the node. That is. the signal which is inputted 
to a distributor is split by this distributor, and the same 
signals are inputted to a 0-system XC node and a 1 -sys- 
tem XC node. The signals which are outputted from the 

30 0-system XC node and the 1 -system XC node are the 
same and are irputted to the same selector A nxjnitor 
circuit which is not shown in Fig. 6A is provided at the 
selector, and monitors optical signals outputted from the 
0-system XC node and the 1 -system XC node. Gener- 

35 ally, the signal inputted from the 0-system XC node is 
outputted from the selector, but when it is deterrrined 
that a fault occurs on the optical signal outputted from 
the 0-system XC node, the selector is switched to out- 
put an optical signal from the 1 -system XC node. 

40 [0044] Thus, even if a fault or the like occurs on the 0- 
system XC node, and accordingly an optical signal to be 
outputted has a fault a normal optical signal can be 
transmitted by outputting an optical signal from the 1 - 
system XC node. 

45 [0045] In Fig. 6B, only a transmission line is duplexed, 
and the systems are switched by a selector when a fault 
occurs on the transmission line. 
[0046] In this case, the fault of the transmission line 
can be coped with by switching the systems. That is, the 

50 transmission line has redundancy to provide a 0-system 
and a 1 -system, and a monitor circuit which is not 
shown in this figure ftx)nitors optical signals propagated 
from the 0-system and 1 -system transnriissioA lines. In 
the case where a fauH is detected, the selector is con- 

55 trolled to switch the transmission line to a system where 
a fault has not occun-ed. Generally, a 0-system is 
selected. When a fault such as a cfisconnection of the 
transmission One occurs on the 0-system transmission 
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line, the monitor system detects that optical signals are 
not transmitted to the 0-system. thereby switching the 
selector to transmit the optical signals outputted from 
the 1 -system transmission line to the XC node. Gener- 
ally an XC node is configured to comprise a multi-input 5 
and a mutti-output. and the same nunober of selectors is 
provided as that of the inputs of the XC nodes. 
[0047] The signals outputted from the XC node are 
respectively inputted to the distributors whose number 
is the same as that of the outputs of the XC node. These w 
distributors split the thus-inputted optical signal into an 
optical signal for the 0-system transmission line and that 
for a 1 -system transmission line which are the same, 
thereby transmitting these optical signals. According to 
such a configuration, a fault in a signal transmission, is 
which has occurred due to a fault in a transmission line, 
can be handled by the switching of the systems of the 
transmission lines. 

[0048] in Fig. 7A. both a node and a transmission line 
are duplexed, and systems are switched by a selector 20 
when faults occur on the node and the transmission line. 
(0049] That is. the transmission line has redundancy 
to provide a 0-system and a 1 -system, and the XC node 
has redundancy to provide a 0-system and a 1 -system. 
Optical signals which are respectively propagated from 2S 
the 0-system and the 1 -system are selected by a selec- 
tor 1 to be transmitted to a distributor 1 . The selector 1 
is provided with a monrtor circuit (not shown in this fig- 
ure). This monitor circuit is configured to select a nornnal 
optical signal among the optical signals which propa- 30 
gate through the 0-system transmission line and the 1- 
system transmission line. 

[0050] An optical signal which is selected by the selec- 
tor 1 is inputted to the distributor 1. The thus-inputted 
signal is split into a 0-system XC node optical signal and 
a 1 -system XC node optical signal so that the same sig- 
nals are inputted to the respective XC nodes. Annong 
the signals which are outputted from the 0-system and 
1 -system XC nodes, the same signals are inputted to 
the same selector 2. The same nunnt>er of selectors 2 is 
provided as that of the outputs of the XC node. Among 
optical signals outputted from the 0-system XC node 
and the 1 -system XC node, the selector 2 selects an 
optical signal in which a fault does not occur and trans- 
mits the thus-selected optical signal to the distributor 2. 
The distributor 2 splits the thus-received optical signal 
irrto two and transmits the same signals to the 0-system 
transmission line arxj the 1 -system transmission line. 
[0051 ] Fig. 7B is a diagram showing another example 
of a conf iguration in which both a node and a transmis- 
sion One are duplexed. Since the XC node as we« as the 
transmission line are duplexed in this configuration, the 
systems are switched by a selector wlien a fault occurs 
in either the XC node or the transmission line. The dif- 
ference from Fig. 7A is the location of the selector arxJ 
the distributor. 

[0052] That is. distributors 1 are respectively provided 
fa the redundant O^ystem and 1 -system of the trans- 



mission line, and these distributors split the optical sig- 
nals to transmit to the redundant 0-system and 1- 
system of the XC node. The thus-split optical signals 
are the same. Among the thus-split optical signals, the 
0-system optical signal and the 1 -system optical signal 
are inputted to one selector The same number of the 
selectors 1 is provided as the total number of the inputs 
of the 0-system and the 1 -system XC nodes. An optical 
signal which propagates through the 0-system or the 1- 
system transmission line and is then selected by the 
selector 1 is inputted to an input of the XC node. 
[0053] The selector 1 is also provided with a monitor 
circuit, and monitors an optical signal which propagates 
through the 0-system and 1 -system transmission lines, 
thereby switching the optical signal of a system in which 
a fault occurs to the optical signal of another system. 
The corresponding optical signals which are inputted to 
the 0-system and 1 -system XC nodes are also switched 
to be outputted from the outputs of the 0-system and 1 - 
system XC nodes. The thus -outputted optical signals 
are inputted to distrtoutors 2 which are respectively pro- 
vided for the outputs of the 0-system and 1 -system XC 
nodes, and generate optical signals to be transmitted to 
the 0- system and 1 -system transmission lines. Then, a 
selector 2 inputs an optical signal obtained from the out- 
put of the 0-system XC node corresponding to the 
selector 2. and the optical signal obtained from the out- 
put of the 1 -system XC node, and transmits an optical 
signal in which a fault has not occurred to the transmis- 
sion line. 

[0054] In Fig. 7A, the selector 1 and the selector 2 are 
provided for each input arxJ output of the XC node. 
Since the selector easily breaks down compared with 
the distributor, an optical signal from the output of the 
XC node cannot be outputted to a transmission line due 
to the breakdown of the selector 1 or the selector 2. 
according to the configuration shown in Fig. 7A. Accord- 
ing to the configuration shown in Fig. 7B, by contrast, 
optical signals to be outputted to the 0-system and 1- 
system XC nodes are preliminarily generated by the dis- 
tributors 1 . and then the selector 1 can select an optical 
signal of the 0-system transmission line or that of the 1- 
system transmission line. Therefore, even if one of the 
selectors 1 breaks down, since the same optical signal 
is inputted to the XC node of the other system, no prob- 
lem will arise by using the optical signal to be inputted to 
the XC node of the other system. On the output side of 
the XC node, similarly, the output is preliminarily split 
into the optical signal for a O-system transmission lin 
and that for a 1 -system transmission line by the distrib- 
utor 2, and the selector 2 selects an optical signal out- 
putted from the 0-system transmission line or that from 
the 1 -system transmission line. Therefore, even if dnd of " 
the selectors 2 breaks down, a problem will not arise by 
using a signal of the other system which is split by the 
distributor 2. Thus, the configuration shown in Fig. 7B is 
more effective against the breakdown of the selector 
than the configuration shown in Fig. 7A. 
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[0055) Figs. 8A and 8B are block diagrams showing 
examples of redundant configurations in which an opti- 
cal XC node directly inputs a wavelength -multiplexed 
optical signal. 

(0056] Fig. 8A is a block diagram showing an example 
of a redundant configuration in the case where the opti- 
cal XC node inputs a wavelength-multiplexed optical 
signal, directly routes the thus-inputted optical signal, 
and outputs the wavelength-multiplexed optical signal. 
In Fig. 8 A. a plurality of transmission lines are provided, 
but they do not have redundancy so that they are ail 0 
systems. The respective transmission lines transmit 
optical signals each of which has a different content. 
The optical signal which propagates through each of the 
transmission lines is inputted to an optical distributor 60 
provided for each transmission line. Then, the thus- 
inputted optical signal is split into an optical signal to be 
transmitted to a 0-system optical XC node (wavelengths 
from >.l to An are multiplexed), and an optical signal to 
be transmitted to a 1 -system optical XC node {the same 
as the optical signal to be transmitted to the 0-system 
optical XC node), thereby to be inputted to the 0-system 
and 1 -system optical XC nodes, respectively. The opti- 
cal XC node routes the inputted optical signal and out- 
puts the thus-routed optical signal (since it is not always 
necessary to route an optical signal as being wave- 
length-multiplexed, it is appropriate to demultiplex the 
optical signal into each wavelength to be routed). The 
outputted optical signal is Inputted to a protection switch 
61 as being wavelength-multiplexed. The protection 
switch 61 is configured as above-mentioned, and com- 
prises a demultiplexer for demultiplexing a wavelength- 
multiplexed optical signal into optical signals of the 
respective wavelengths, an optical selector for switching 
between a 0-system optical signal and a 1 -system opti- 
cal signal, which is provided for each wavelength, and a 
multiplexer for coupling optical signals of each wave- 
length outputted from the optical selector, and a monitor 
circuit for controlling the optical selector. 
[0057] The same number of protection switches 61 is 
provided as that of the outputs of the 0-system optical 
XC node or the 1 -system optical XC node. Since the 0- 
system optical XC node Bnd the 1 -system optical XC 
node are similarly configured, the outputs of these 
nodes correspond to each other. Therefore, one protec- 
tion switch inputs these corresponding optical signals 
and switches between the 0-system and the 1 -system. 
At this time, the protection switch 61 is configured to 
demuttiptex a wavelength-multiplexed optical signal into 
each wavelength, and switches between a 0-system 
and a 1 -system, as mentioned above. Therefore, the 
protection switch only switches the system of the optical 
signal of a wavelength in which a fault occurs, and does 
not switch the systems of the other optical signals. Con- 
sequently, the switching of systems can be performed 
without causing a signal disconnection to a normal opti- 
cal signal. 

[0058] Fig. SB is a block diagram showing an example 



of a redundant configuration in the case where an opti- 
cal XC node inputs a wavelength-multiplexed optical 
signal, routes the thus-inputted optical signal, and out- 
puts optical signals of each wavelength as being multi- 

5 split. In Fig. 88, an optical XC node is redundant, and 0- 
system and 1 -system optical XC nodes having the 
same configurations are provided. Similarly to Fig. 8A. 
optical signals whose wavelengths from A 1 to /n have 
been multiplexed are transmitted from a plurality of 

fo transmission lines which are not redundant, thereby to 
be inputted to the optical distributors 60 which are pro- 
vided for the respective transmission lines. The optica! 
distributor 60 splits the thus -inputted optical signal to be 
respectively transmitted to the O-system and 1 -system 

;5 optical XC nodes. The O-system and 1 -system optical 
XC nodes route the wavelength -multiplexed optical sig- 
nal (it is not always necessary to route the optical signal 
as being wavelength-multiplexed, and it is appropriate 
to split the optical signal into each wavelength to be 

20 routed), thereby outputting the thus-routed optical sig- 
nal tor each wavelength. The optical signal of each 
wavelength after routed is inputted to a protection 
switch 62. Since in the protection switch, the optical sig- 
nal has been demultiplexed into each wavelength, a 

25 demultiplexer is not provided compared with the protec- 
tion switch 61 shown in Fig. 8 A. The optical signal of 
each wavelength is inputted to an optical selector which 
is provided for each wavelength, and either O-system 
optical signal or 1- system optical signal is selected to 

30 be transmitted to a multiplexer. The multiplexer multi- 
plexes optical signals of wavelengths A.1 to An, and 
transmits the thus-multiplexed optical signal using one 
transmission line. A monitor circuit monitors the optical 
signal of each wavelength to be inputted to the protec- 

35 tion switch 62. and controls the optical selector in the 
case of a fault, thereby switching this system to the 
other system. 

[0059] Thus, when the protection switch according to 
the embocfiment of the present invention is used, only 

40 the system of the optical signal of a wavelength in which 
a fault occurs can t>e switched so that the above men- 
tioned effects can be obtained. The same number of 
protection switches 62 is provided as that of the output 
transmission lines (which is generally the same as the 

45 number of input transmission lines), and the protection 
switches receive an optical signal of wavelengths which 
vary from XI to An to be transmitted through one trans- 
mission line from the optical XC node. In Fig. 88, one 
protection switch 62 is configured to input the optical 

so sigrials of wavelengths A1 to An outputted from the 0- 
system optical XC node and the corresponding optical 
signals of wavelengths A1 to An from the 1 -system opti- 
cal XC node. 

[0060] Rgs. 9A and 98 are block diagrams showing 
55 examples of redundant configurations in the case where 
a transmission line is redundant. 
[0061] Fig. 9A is a block diagram showing the case 
where an optical XC node directly inputs wavelength- 
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multiplexed optical signals and outputs the thus-input- 
ted wavelength-multiplexed optical signals. A protection 
switch 70 is configured similarly to the protection switch 
61 shown in Fig. 8A. In Fig. 9A, a transmission line has 
redundancy to provide a O-system and a 1 -system. 5 
Although the optical signals of the same wavelengths 
are transmitted to upper and lower transmission lines, 
the contents of the optical signals are different. In the 
protection switch 70. the denuiltiplexers receive optical 
signals from the 0-system and 1 -system transmission 
lines, respectively, and demultiplex the thus-received 
optical signals into the optical signals of the respective 
wavelengths to be inputted to the optical selectors 
which are provided for the respective wavelengths. The 
optical selector selects either a 0-system optical signal 
or a 1 -system optical signal to be transmitted to a multi- 
plexer. The optical selector is controlled by a monitor cir- 
cuit, and the monitor circuit switches an optical signal in 
which a fault occurs to an optical signal of the other sys- 
tem, according to the monitor results of the optical sig- 
nals of the respective wavelengths, which are received 
at the output portions of the demultiplexer. 
[0062] The multiplexer multiplexes optical signals 
which have been demultiplexed into each wavelength at 
the protection switch 70 to be inputted to an optical XC 
node. When this optical signal is routed to be outputted. 
an optical distributor 71 splits the thus-outputted optical 
signal into a 0-system optical signal and a 1 -system 
optical signal to be transmitted to a 0-system transmis- 
sion line and a 1 -system transmission line, respectively 
[0063] Rg. SB Is a block diagram showing an example 
of a redundant configuration of a transmission line in the 
case where an optical XC node inputs optical signals of 
each wavelength and outputs a wavelength-multiplexed 
optical signal. 

[0064] A protection switch 72 shown in Fig. 9B is the 
same as the protection switch 70 shown in Fig 9A with- 
out the multiplexer. The wavelength-multiplexed optical 
signals inputted from the 0-system transmission line 
and the 1 -system transmission line are split into optical 
signals of the respective wavelengths by the demulti- 
plexer to be inputted to the optical selectors which are 
provided fa the respective wavelengths. A monitor cir- 
cuit monitors a fauH condition of the optical signal of 
each wavelength, controls the optical selector, and 
swrtches between the 0-system optical signal and the 1 - 
system optical signal. The output from the optical selec- 
tor is directly inputted to the optical XC node. The wave- 
length-multiplexed optical signal outputted from the 
optical XC node is inputted to an optical distributor 73, 
and the thus-inputted optical signal is duplexed into a 0- 
system optical signal and a 1 -system optical signal to be 
transmitted to the respective transmission lines. 
[0065] Fig. 1 0 is a block diagram showing an example 
of a redundant configuration in the case where an opti- 
cal XC node inputs demultiplexed optical signals and 
outputs the optical signals as being demultiplexed. 
[0066] In this figure, both a transmission line and an 



optical XC node have redundancy to be duplexed. The 
XC node is configured to input the demultiplexed optical 
signals and output the optical signals as being demulti- 
plexed. In this case, a protection switch 80 inputs the 
wavelength-multiplexed optical signals from the 0-sys- 
tem and the 1 -system, and the thus-inputted optical sig- 
nals are demultiplexed by demultiplexers. The 0-system 
and the 1 -system optical signals of each wavelength are 
inputted to one optical selector. A monitor circuit moni- 
tors all the 0-system and the 1 -system optical signals 
and controls the optical selectors. The optical signal of 
each wavelength outputted from the optical selector is 
inputted to an optical distributor to be distributed to a 0- 
system optical XC node and a l -system optical XC 
node. 

[0067] The optical signals outputted from the 0-sys- 
tem and 1 -system optical XC nodes are inputted to opti- 
cal selectors of a protection switch 81. which are 
provided for the respective duplexed -wavelengths. The 
0-system and 1 -system optical signals to be inputted to 
one protection switch 81 are multiplexed later to b 
transmitted to a transmission line. The optical selector 
switches between a 0-system optical signal and a 1- 
system optical signal according to the instructions of a 
monitor circuit which monitors the optical signal of each 
wavelength outputted from the optical XC node, and 
transmits the thus-switched optical sigr«l to a multi- 
plexer. The multiplexer multiplexes the optical signals of 
each wavelength to be transmitted to an optical distribu- 
tor 82. Die optical distributor 82 splits the optical signal 
outputted from the multiplexer, and transmit the thus- 
split optical signals to o-system and 1 -system transmis- 
sion lines, in order to transmit the same signals to th 
thus-duplexed transmission lines. 
[0068] Fig. 1 1 is a trfock diagram showing an exanrple 
of another configuration in the case where both a trans- 
mission line and an optical XC node have redundancy. 
[0069] In this figure, the optical XC node inputs wave- 
length-multiplexed optical signals, routes the thus-Input- 
ted optical signals, and outputs the thus-routed 
wavelength-multiplexed optical signals. The wave- 
length-multiplexed optical signals inputted from th 
transmission lines which are duplexed into a 0-system 
and a 1 -system are respectively inputted to the demulti- 
plexers of a protection switch 90 to be demultiplexed 
into each wavelength. The optical signal of each wave- 
length is inputted into an optical selector, and this selec- 
tor switches between the 0-system and the 1 -system 
according to the control of a monitor circuit which m ni- 
ters the outputs of the demultiplexer. The optical signal 
of each wavelength outputted from the optical selector 
is nrujltiplexed by the multiplexer to be transmitted to an 
optical distributor 91 . The optical distributor 91 splits the 
optical signal inputted from the protection switch 90 and 
generates the same optical signals to be distributed to 
the 0-system and 1 -system optical XC nodes. 
[0070] The optical signals which have been routed at 
the 0-system and 1 -system optical XC nodes are trans- 
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mitted to protection switches 92 to be demultiplexed into 
optical signals of the respective wavelengths by demul- 
tiplexers. The thus-demultiplexed optical signals of each 
wavelength are transmitted to an optical selector to be 
switched between a 0-system and a 1 -system accord- 
ing to the control of a monitor circuit for monitoring out- 
puts of the demultiplexer. The thus-switched optical 
signals are transmitted to a multiplexer. In this multi- 
plexer, optical signals of wavelengths k^ to An are multi- 
plexed to be transmitted to an optical distributor 93. This 
optical distributor 93 splits the optical signal outputted 
from the protection switch 92 and generates the same 
signals to be transmitted to the respective transmission 
lines. 

[0071] Fig. 12 is a block diagram showing a variation 
in which the arrangement of the multiplexer and the opti- 
cal demultiplexer shown in Fig. 1 1 is changed. 
[0072] According to the configuration shown in Fig. 
12. the wavelength-multiplexed optical signals outputted 
from the duplexed transmission lines are split by optical 
distributors 100 provided for a 0-system and a 1 -sys- 
tem, and preliminarily the same optical signals to be dis- 
tributed to the 0-system and l -system optical XC nodes 
are generated. The optical signals which have been split 
by the optical distributor 100 are inputted to a protection 
switch 101 . This protection switch switches between an 
optical signal to be transmitted to the 0-system optical 
XC node and an optical signal to be transmitted to a 1- 
system optical XC node. That is, one of the optical sig- 
nals which have been split by the optical distributor 100 
is demultiplexed by the demultiplexer, and the selector 
selects between a 0-system transmission line and a 1- 
system transmission line. A multiplexer multiplexes 
inputted optical signals to be transmitted to the 0-sys- 
tem optical XC node. The other of the optical signals 
which have been split by the optical distributor 100 is 
demultiplexed by the demultiplexer, and the selector 
selects between a 0-system transmission line and a 1- 
system transmission line. A multiplexer multiplexes 
inputted optical signals to be transmitted to the 1 -sys- 
tem optical XC node. 

[0073] In Fig. 12, a monitor circuit tor controlling the 
optical selector In a protection switch 101 Is commonly 
provided with a circuit for transmitting an optical signal 
to the 0-system optical XC node and a circuK for trans- 
mitting an optical signal to the 1 -system optical XC 
node. However, monitor circuits can be provided for the 
respective circuits. 

[0074] The optical signals outputted from the protec- 
tion switch 101 are routed by the 0-system and 1-sys- 
tem optical XC nodes to be inputted to optical 
distributors 1 02 which are provided for the 0-system and 
1-system optical XC nodes. An optical distributor 102 
splits the optical signal outputted from the optical XC 
node (0-system or 1-system). and generates the same 
optical signals in order to generate optical signals to be 
transmitted to the 0-system and 1-system transmission 
lines. The optical signals outputted from the optical dis- 



tributor 102 are inputted to a protection switch 103 to be 
switched between the optical signal to be transmitted to 
the 0-system transmission line and that to be transmit- 
ted to th 1 -system transmission line. That is. a demul- 

5 tiplexer demultiplexes the wavelength -multiplexed 
optical signal outputted from the optical distributor 102, 
and the optical selector switches between the optical 
signal outputted from the 0-system optical XC node and 
that outputted from the 1 -system optical XC node. The 

w thus-switched optical signals are multiplexed by the 
multiplexer to be transmitted to the 0-system and 1 -sys- 
tem optical transmission lines. The optical selector is 
controlled by a monitor circuit as mentioned above, but 
it is not necessary to provide a monitor circuit common 

J 5 to the 0-system transmission circuit and the 1 -system 
transmission circuit. Therefore, a monitor circuit can be 
provided for each circuit. 

[0075] According to the above-mentioned configura- 
tion, even if one of the optical selectors provided in the 

20 protection switch breaks down, the redundant configu- 
ration works effectively so that no problem arise. fc>y 
providing the optical distritxitor at the preceding stage of 
the protection switch (corresponding to the selector 
shown in Fig. 7B) and preliminarily duplexing optical 

25 signals as explained in Fig. 7B. 

[0076] Fig. 1 3 is a block diagram showing a configura- 
tion in which the optical distributor shown in Fig. 11 is 
provided before the protection switch. 
[0077] In this figure, the optical XC node inputs wave- 

30 length-demultiplexed optical signals, but not the wave- 
length-multiplexed optical signals, routes these inputted 
optical signals, and outputs optical signals of the 
respective wavelengths. In this case, since it is not nec- 
essary to provide a demultiplexer or a multiplexer in the 

35 protection switch as shown in Fig. 12. they are omitted. 
[0078] The wavelength-multiplexed optical signals 
inputted from the transmission lines which have been 
duplexed into a 0-system and a 1-system are inputted to 
a distributor 110 to be split into a 0-system optical XC 

40 node optical signal and a 1-system optical XC node 
optical signal. The thus-split optical signals are inputted 
to a protection switch 111 to be demultiplexed by the 
demultiplexer, and these optical signals are ti-ansmitted 
to optical selectors provided for the respective wave- 

45 lengths. A monitor circuit monitors outputs of the demul- 
tiplexer for the respective wavelengths, detects the 
optical signal of a system in which a fault occurs, and 
controls the corresponding optical selector to 9Mich this 
system to the other system. Optical signals of the 

50 respective wavelengths outputted from the optical 
selectors are directly inputted to the 0-system and 1- 
system optical XC nodes, and these optical signals are 
rbuted to be outputted. The tiius-ou^utteid optical sig- 
nals of the respective wavelengths are inputted to an 

55 optical distributor 112. These optical signals are split 
into the same optical signals to generate a 0-system 
transmission line optical signal and a 1-system trans- 
mission line optical signal to be inputted to the optical 
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signal selectors of a protection switch 113. The monitor 
circuit monitors the optical signals inputted to the pro- 
tection switch 113. for the respective wavelengths, and 
detects whether or not a fault occurs on either the opti- 
cal signal inputted from the 0-systenn optical XC node or 
that inputted from the 1 -system optical XC node. If a 
fault IS detected, the monitor circuit controls the optical 
selector to switch between the optical signals inputted 
from the O-system optical XC node and those inputted 
from the 1 -system optica! XC node. The optical signals 
outputted from the optical selectors are multiplexed by 
the multiplexer to be transmitted to the O-system and 1- 
system transmission lines as the wavelength-multi- 
plexed optical signals. 

[0079] According to the above-mentioned configura- 
tion, an optical signal is duplexed in the protection 
switch before systems are switched. Therefore, even if 
an optical selector which is more fragile than an optical 
distributor breaks down, the redundant configuration 
works effectively so that no significant problem will 
arise. 

[0080] Fig. 1 4 is a block diagram showing an example 
of the redundant configuration of an optical XC system 
in which the arrangement of the optical distributor 
shown in Fig. 12 is changed. 

[0081 ] In Fig. 14. the optical distrbutor 100 shown in 
Fig. 12 is provided at the downstream of a demulti- 
plexer, and the same number of optical distributors 121 
is provided as that of the optical signals of the respec- 
tive wavelengths outputted from the demultiplexer. 
[0082] The optical signals whose wavelengths XI to 
Xn have been multiplexed are inputted to a demulti- 
plexer of a protection switch 120. from the transmission 
lines which are duplexed into a O-system and a 1 -sys- 
tem. The optical signals whose wavelengths have been 
multiplexed in the multiplexer are demultiplexed into the 
optical signals of the respective wavelengths. The opti- 
cal signals of the respective wavelengths outputted from 
the demultiplexer are inputted to optical distributors 121 
provided for the respective wavelengths. The optical 
distributor 121 splits the optical signal to generate the 
same optical signals for the optical signal of a O-system 
optical XC node and that of a 1 -system optical XC node. 
The thus-duplexed optical signals outputted from the 
optical distributor 121 are inputted to optical selectors 
whose number is the same as that of the optical distrib- 
utors 1 21 . The optical signals to be inputted to one opti- 
cal selector are the corresponding optical signals of the 
same wavelengths outputted from the 0- system and the 
1 -system. The monitor circuit detects outputs from the 
optical distributor 121 . and monitors each optical signal 
to detect a fault. When the monitor circuit detects a fault, 
it sends a signal to the optical selector to switch 
between a O-system and a 1 -system. The optical sig- 
nals of the respective wavelengths outputted from the 
optical selector are aiultiplexed by the multiplexer to be 
inputted the O-system and 1 -system optical XC nodes. 
Optical signals which have been routed in the optical 



XC node are outputted as being wavelength-multi- 
plexed, to be inputted to the demultiplexer of a protec- 
tion switch 122. The multiplexer multiplexes the thus- 
inputted optical signals and transmits the optical signals 

5 of the respective wavelengths to the optical distributor 
123. The optica! distributor 123 duplexes the optical sig- 
nals of each wavelength to be transmitted to the optical 
selector of the protection switch 122. similarly to tti 
above-mentioned optical distributor 121. The monitor 

w circuit monitors the respective outputs of the optical dis- 
tributor 123 and activates the optical selector to switch 
between the systems according to the occurrence of a 
fault The optical signals of the respective wavelengths 
outputted from the optical selectors are multiplexed by 

15 the multiplexer to be outputted to the respective trans- 
mission lines. 

[0083] According to the above-mentioned configura- 
tion, even if one of the optical selectors breaks down, 
the redundant configuration works effectively so that a 

20 regular service can be offered to a subscriber without 
generating a significant problem, similarly to Fig. 12. 
[0084] Fig. 1 5 is a block diagram showing an example 
of a redundant configuration of an optical XC system in 
which the an-angement of the optical distributor shown 

25 in Fig. 13 is changed. 

[0085] This figure shows an example of a redundant 
configuration in the case where the optical XC node 
inputs optical signals of the respective wavelengths, but 
not the wavelength-nuiltiplexed optical signals, and 

30 routes the thus-inputted optical signals, thereby output- 
ting optical signals of the respective wavelengths. 
[0086] When the wavelength-multiplexed optical sig- 
nals are inputted from the transmission lines which have 
been duplexed into a O-system and a 1 -system, the 

35 demultiplexer of a protection switch 130 demultiplexes 
the wavelength-multiplexed optical signals into those of 
the respective wavelengths. The optical signals of the 
respective wavelengths outputted from the demulti- 
plexer are transmitted to the optical distributors 131 pro- 

40 vided for the respective wavelengths to be di^^lexed. 
The optical signals outputted from the optical distributor 
131 are inputted to the optical selectors of the protection 
switch 130. A nxjnitor circuit monitors the respective 
outputs from the optical distrbutor 131. When the mon- 

45 itor circuit detects a fault, it operates the optical selector 
to select either the optical signal outputted from the 0- 
system transmission line or that outputted from the 1 - 
system transmission line. The optical signals outputted 
from the optical selectors are inputted to the 0-syst m 

so and 1 -system optical XC nodes for the respective wave- 
lengths. The respective optical signals are routed by th 
optical XC node to be outputted for the respective wav - 
lengths, and the thus-outputted opticat'siignals are 
inputted to optical distributors 132. The optical distribu- 

55 tor 1 32 duplexes each optical signal to be inputted to the 
optical selector of a protection switch 133. The monitor 
circuit monitors the respective outputs from an optical 
distributor 132, and operates the optical selector to 
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select one of the optical signal from the 0-system optical 
XC node and the optical signal from the 1 -system opti- 
cal XC node. The optical signals of the respective wave- 
lengths outputted from the optical selectors are inputted 
to a multiplexer to be multiplexed, and the thus-multi- 
plexed optical signals are outputted to the 0-system 
transmission line or the 1 -system transmission line. 
[0087] Since a duplex operation for the redundancy is 
performed by an optical selector before systems are 
switched by the optical selector, as shown in Figs. 12. 
13. and 14. a communication service can be continu- 
ously supplied as usual, even if one of the optical selec- 
tors breaks down. 

[0088] Fig. 1 6 is a block diagram showing an example 
of the configuration of a monitor circuit in the case 
where a 2 x 2 switch is used as an optical selector. 
[0089] In this configuration, the monitor circuit com- 
prises optical signal detectors 141 and 142 for the 
respective systems, a determination circuit 146. and an 
optical switch drive circuit 147. In the optical signal 
detectors 141 and 142 (since the inside configuration of 
the optical signal detector 142 is the same as that of 
141 . this configuration is not shown in Fig. 16). an input 
optical signal is converted into electricity (cun-ent) by an 
opto/electric converter 143. Further, this electricity (cur- 
rent) is converted into a voltage by a currentA^ltage 
converter 144. The value of this voltage is compared 
with a reference voltage by a comparator 145. and the 
presence of an optical signal is determined. That is. 
since optical signals are not transmitted when a fault 
such as the disconnection of a transmission line or the 
like occurs in the present system, the value of the volt- 
age becomes lower than the reference value. The out- 
putted optical signals from the optical signal detectors 
141 and 142 are inputted to the determination circuit 
146. The determination circuit 146 transmits a control 
signal to an optical switch, judging from the conditions 
of the inputted optical signals from both systems. The 
optical switch drive circuit 147 outputs an ON/OFF sig- 
nal to the 2 X 2 optical switch which works for the optical 
selector. 

[0090] Fig. 1 7 is a block diagram shewing an example 
of the conf iguration of a nnonitor circuit in which an opti- 
cal gate is used as an optical selector. 
10091] In this figure, the same numerals as those 
shown in Fig. 16 indicate the same elements. 
[0092] In the case where an optical gate is used as an 
optical selector, two drive circuits are required sirce two 
optical gates are used. That is. when the optical signal 
detectors 141 and 142 provided for the respective sys- 
tems receive optical signals from the respective sys- 
tems, the thus-received optical signals are converted 
into electricity (current) by the opto/electric converter 
1 43. Then, this current is converted into a voltage by the 
current/vottage convertor 144 to be transmitted to the 
conrparator 145. The comparator 145 compares the 
value of the voltage outputted from the current/voltage 
convertor 144 with the reference voftage. and thereby 



detects the presence of an optical signal. The determi- 
nation circuit 146 determines on which system a fault 
occurs according to the comparison results obtained 
from the optical signal detectors 141 and 142, and 

5 transmits a control signal to the optical gate drive cir- 
cuits 151 and 152. At this time, control signals outputted 
from the determination circuit 1 46 are generated for the 
optical gate drive circuits 151 and 152. When one con- 
trol signal is an instruction to open the optical gate, the 

10 other control signal is an instruction to close the optical 
gate. Thus, two optical gates provided as optical selec- 
tors are controlled in such a way that one gate is open 
while the other gate is closed. Each of the optical gate 
drive circuits 151 and 152 transmits an ON/OFF signal 

15 for driving a corresponding optical gate according to the 
control signal supplied by the determination circuit 1 46. 
[0093] In the above-mentioned embodiments, the 
explanations are based on a fact that an optical switch 
or an optical gate is used as an optical selector. A multi- 

20 wavelength selection filter can also be used for the opti- 
cal selector (a device capable of selecting a plurality of 
optional wavelengths from the wavelength-multiplexed 
optical signal). As a multi-wavelength selection filter, an 
acousto-optical filter can be used. This filter can select 

25 the optical signal of an optional wavelength by changing 
the frequency of an RF signal to be externally supplied. 
The optical signals of a plurality of wavelengths can be 
selected by applying a plurality of RF signals. In respect 
of the detail of the acousto-optical filter, please refer to a 

30 document such as the bulletin of the Electro Information 
Conmunication Society OPE96-123 (published in 
December, 1996). 

[0094] Figs. 1 8A to 1 8C are diagrams showing exam- 
ples of a configuration in the case where a 2 -input and 
35 2-output type multi-wavelength selection filter is used as 
a protection switch. 

[0095] If the 2-input and 2-output type multi-wave- 
length selection fitter is used as a protection switch for 
the redundancy of an optical XC system, only one of the 
40 two outputs is used. The frequency f1 of an RF signal 
corresponds to a wavelength K^ , while the frequency t2 
of an RF signal con-esponds to a wavelength X2. In such 
a fitter, optical signal of a wavelength corresponding to 
the frequency of the thus-applied RF signal is crossed 
45 (output #1 from input #0, and output #0 from input #1). 
[0096] For example, when an optical signal of frequen- 
cies f1 and f2 is applied to the multi -wavelength selec- 
tion fitter (for example, an acousto-optical filter) as an 
RF signal, the optical path of the optical signal of wave- 
so lengths XI and X2. which has propagated through the 0- 
system transmission line, is exchanged with that of the 
optical signal of wavelengths XI and X2. which has 
prop&gatW through the 1 -system transmission line. 
Therefore, the optical signal inputted to the mutti-wave- 
55 length selection fitter from the 0-system transmission 
line is outputted to the 1 -system transmission line. Sim- 
ilarly, the optical signal inputted to the mutti-wavelength 
selection fittef from the 1 -system transmission line is 



12 



BNSDOCID: <EP 093e244A2J.> 



23 



EP 0 938 244 A2 



24 



outputted to the 0-system transmission line. 
[0097] Further, in the case where an RF signal is not 
applied to the multi -wavelength selection filter as shown 
in Fig. 18B. the optical signal inputted to the multi-wave- 
length selection filter from the 0-system transmission 5 
line is outputted to the 0-system transmission line. The 
optical signal inputted to the multi -wavelength selection 
filler from the 1 -system transmission line is outputted to 
the 1 -system transmission line. 

[0098] As shown in Fig. 18C, by contrast, when the w 
optical signal ot a frequency fl is applied to the multi- 
wavelength selection filter as an RF signal, the optical 
path of the optical signal of the corresponding wave- 
length XI is switched. That is. assume that the optical 
signal o! wavelengths XI and X2 is inputted to the multi- is 
wavelength selection filter from the 0-system transmis- 
sion line, and the optical signal of wavelengths XI and 
'/J2 is inputted to the multi-wavelength selection filter 
from the 1 -system transmission line. Then, the optical 
signal of wavelength XI outputted from the 1 -system so 
transmission line and that of wavelength X2 outputted 
from the 0-system transmission line are inputted to the 

0- system output transmission line. Similarly, the optical 
signal of wavelength XI outputted from the 0-system 
transmission line and that of wavelength X2 outputted 2S 
from the 1 -system transmission line are inputted to the 

1 -system output transmission line. 
[0099] Thus, if a multi-wavelength selection filter is 
used, it is possible to only switch the optical path of the 
optical signal of a desired wavelength among inputted 30 
optical signals of a plurality of wavelengths, by suitably 
establishing a frequency of an RF signal which is 
applied to the multi-wavelength selection filter. There- 
fore, if the number of multiplexing times of the wave- 
length of an optical signal to be inputted is not 2. that is. 
the number is much greater than 2, only the optical path 
of an optical signal of a desired wavelength can be 
switched. Further, by using one of the two outputs, this 
filter can be used as an optical selector which Is neces- 
sary for the redundant configuration of the optical XC 
system. 

[01 00] Figs. 1 9 A to 1 9C are diagrams showing exanv 
pies of a configuration in the case where a 1 -input and 

1 - output type multi-wavelertgth selection filter and an 
optical coupler are used as a protection switch. 
[01 01 1 The frequency f 1 of an RF signal con-esponds 
to a wavelength XI . while the frequency f2 of an RF sig- 
nal corresponds to a wavelength X2. as shown in the 
examples of a configuration shown in Figa 18A to 18C. 
In such examples, the optical signal of a wavelength 
corresponding to the frequency of the thus-applied RF 
signal Is outputted. 

[0102] * According to Figs. 19A to 19C. the mult^-wave- 
length selection filter to which an RF signal is not 
applied, does not output an optical signal. In the case 
where the RF signal of frequerwies f 1 and f2 is applied 
to a 0-system multi-wavelength selection filter, but no 
RF signal is applied to a 1 -system muW-wavelength 



selection fitter in Fig. 19A, only the 0-system multi- 
wavelength selection filter passes the transmitted opti- 
cal signals. Therefore, the optical signal of wavelengths 
X1 and X2 which has propagated through the 0-system 
transmission line is outputted to an optical multiplexer to 
be outputted to a 0-system output transmission line. Fig. 
19B shows the case where the RF signal of frequencies 
fl and f2 is applied to the 1 -system multi-wavelength 
selection filter, but no RF signal is applied to the 0-sys- 
tem multi-wavelength selection filter. According to this 
figure, the 0-system multi-wavelength selection filter 
does not pass the optical signal which has propagated 
from the 0-system transmission line. On the other hand, 
the 1 -system multiwavelength selection filter passes the 
optical signal of wavelengths XI and X2 which has prop- 
agated through the 1 -system transmission line, and out- 
puts this optical signal to a O-system output 
transmission line through the optical coupler. Fig. 19C 
shows the case where RF signals are respectively 
applied to the O-system and the 1 -system multi-wave- 
length selection filters. In Fig. 19C. the RF signal of a 
frequency fl is applied to the O-system multi-wave- 
length selection filter, and the RF signal of a frequency 
f2 is applied to the 1 -system multi -wavelength selection 
filter. According to this figure, only the optical signal of a 
wavelength XI among the optical signals which have 
propagated through the O-system transmission line is 
transmitted to the optical signal multiplexer, and only the 
optical signal of a wavelength X2 among the optical sig- 
nals which have propagated through the 1 -system 
transmission line is transmitted to the optical signal mul- 
tiplexer Therefore, the optical coupler couples the opti- 
cal signal of wavelength XI outputted from the 0- 
system, and the optical signal of wavelength X2 output- 
ted from the 1 -system, to be transmitted to the O-system 
transmission line. 

[01 03] A 1 -input and 1 -output multi-wavelength selec- 
tion filter can be configured by the above-mentioned 2- 
input and 2-output multi-wavelength selection fitter. That 
is. one of the inputs from the O-system or the 1 -system 
is not used, but instead the output of a system different 
from the system of an input, which is currently being 
used, can be used. In Figs. 18A to 18C, if the input of 
the O-system and the output of the 1 -system are used, 
in the case where an RF signal is not applied to the 
multi-wavelength selection filter, optical signals are not 
outputted. and only the optical signal of a wavelength 
which con-esponds to the RF signal of the applied fre- 
quency, is outputted. Similarly, the input of the 1 -system 
and the output of the O-system can be used. 
[0104] Rgs. 20 artd 21 are diagrams explaining 
embodiments In the case where a 2-input and 2-output 
multi-wavelength selection filter is used. 
[01 05] Fig. 20 is a diagram showing an example of a 
conf iguration in which paths are switched at a node out- 
put portion. A multi-wavelength selection fitter selects a 
wavelength-multiplexed optical signal (two wavelengths, 
in this case) outputted from a O-system node. Assume 
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that a fault in the optica! signal of wavelength X2 is 
detected, in this case, only the optical signal of wave- 
length is switched from a 0-system to a 1 -system by 
eliminating the RF signal of a frequency f2 which has 
applied to the multi -wavelength selection filter from a 
monitor circuit. 

[0106] That is. the optical signal in which wavelengths 
a1 and /-2 have been multiplexed is outputted from the 
0-system optical XC node to the muHi -wavelength 
selection fitter. Similarly, the optical signal of wave- 
lengths /.I and X2 is outputted from the 1 -system optical 
XC node to the multi -wavelength selection filter. Here, 
assume that the frequency fl of an RF signal corre- 
sponds to the wavelength XI of the optical signal, and 
the frequency f2 of an RF signal corresponds to the 
wavelength X2 of the optical signal. Then, if the optical 
signal of frequencies fl and f2 is applied to the multi- 
wavelength selection filter from the monitor circuit, the 
optical signal of wavelengths XI and X2 outputted from 
the 0 -system optical XC node is switched to the output 
side to be outputted by the multi- wavelength selection 
filter. 

(0107] Next, when the monitor circuit detects that a 
fault occurs on the optical signal of wavelength X2 
among the optical signals outputted from the 0-system 
optical XC node, the monitor circuit stops the applica- 
tion of the RF signal of a frequency f2 to the multi-wave- 
length selection filter. Then, the optical signal of a 
wavelength X2 of the 1 -system (indicated by X2*) is out- 
putted to the output of the multi-wavelength selection fil- 
ter. The optical signal of a wavelength XI outputted from 
the 0-system optical XC system and the optical signal of 
wavelength X2 outputted from the 1 -system optical XC 
node are outputted to the output transmission line. 
[0108] Thus, only the system of the optical signal of a 
wavelength in which a fault occurs can be switched by 
using the multi -wavelength selection filter. 
[0109] Fig. 21 is a diagram showing an example of a 
configuration in which the input transnrtission lines to a 
node are switched. A multi-wavelength selection filter 
selects the wavelength-multiplexed optical signal (two 
wavelengths, in this case) outputted from a 0-system 
transmission line. Assume that a fault in the optical sig- 
nal of a wavelength A2 is detected. In this case, only the 
optical signal of the wavelength X2 is switched from a 0- 
system to a 1 -system by eliminating the RF signal of a 
frequency f2 which was applied to the multi -wavelength 
selection filter. 

[01 1 0] Fig. 21 shows an example of a redundant con- 
figuration performed on the input side of the optical XC 
node when a transmission line has redundancy. The 
optical signal outputted from the 0-system transmission 
line and that from the 1 -system transmission line are 
inputted to the nrujlti-wavelength selection filter. The 0- 
system and 1 -system transmission lines respectively 
propagate the same optical signals of wavelengths X.1 
and A2, and these signals are monitored by a monitor 
circuit before the inputs of the oiulti-wavelength selec- 



tion filter. While the monitor circuit is applying the RF 
signal of frequencies f 1 and f2. only the optical signal of 
wavelengths XI and X2 outputted from the 0-system is 
inputted to the optical XC node. Next, when the monitor 

5 circuit detects a fault in the optical signal of wavelength 
X2 of the 0-system, the application of the RF signal of a 
frequency f2 among the RF signals to be applied to the 
multi-wavelength selection filter is stopped. Then, the 
optical signal of a wavelength X2 which has propagated 

10 through the 1 -system transmission line (indicated by 
X2') is outputted from the multi -wavelength selection fil- 
ter to be inputted to the optical XC node. 
[011 1] Figs. 22 and 23 are diagrams showing exam- 
ples of a configuration in which a 1 -input and 1 -output 

15 multi-wavelength selection filter is used. 

(01 1 2] Fig. 22 is a diagram showing an example of a 
configuration in which paths are switched at a node out- 
put portion. A multi-wavelength selection filter selects a 
wavelength -multiplexed optical signal (two wavelengths, 

20 in this case) outputted from a 0-system node. Assunne 
that a fault in the optical signal of wavelength X2 is 
detected. In this case, only the optical signal of wave- 
length is switched from a 0-system to a 1 -system by 
eliminating the RF signal of a frequency f2 which was 

25 applied to the multi -wavelength selection filter provided 
on the 0-system side, and by applying the RF signal of 
a frequency f2 to the multi -wavelength selection filter 
provided on the 1 -system side. 
[01 1 3] That is. the optical XC node is duplexed into a 

30 0-system and a 1 -system. The optical signal of wave- 
lengths XI arKf X2 outputted from each of the optical XC 
nodes (indicated by XI ' and X2* for the optical signal out- 
putted from the 1 -system optical XC node) is inputted to 
the multi-wavelength selection filter. 

35 (01 1 4] Since a 1 -input and 1 -output type is used as a 
multi- wavelength selection filter in this configuration, a 
1 -system filter and a 0-system filter are provided. The 
monitor circuit does not first apply an RF signal to the 1 - 
system multi -wavelength selection filter, but applies the 

40 RF signal of frequencies f 1 and f2 to the 0-system multi- 
wavelengfth selection filter. Accadingly. the optical sig- 
nal of wavelengths X1 and X2 outputted from the 0-sys- 
tem optical XC node is outputted to the optical 
transmission line through the nxilti-wavelength selec- 
ts tion filter and the optical nrxiltiplexer. 

[01 1 5] Since the monitor circuit monitors the outputs 
of the 0-system and the 1 -system optical XC nodes, 
when a fault is detected in the output of the 0-system, 
the optical signal of a wavelength in which a fault occurs 

50 is switched to that of a 1-system. Rg. 22 shows the case 
where a fauK is detected in the optical signal of X2 
among the optical signals outputted from the 0-system 
optical XC node. In this case, as shown in the right 'bf 
this figure, the nnonitor circuit applies the RF signal of a 

55 frequency f 1 to the 0-system multi-wavelength selection 
filter and the RF signal of a frequency f2 to th 1 -system 
multi-wavelength selection filter. Thus, the 0-system 
multi-wavelength selection filter outputs only the optical 
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signal of a wavelength X^ among the optical signals out- 
putted from 0-system optical XC node, and the 1 -sys- 
tem muiti-wavelength selection filter outputs only the 
optical signal of a wavelength A2 {indicated by a2') 
among the optical signals oulputted from the 1 -system 
optical XC node. These optical signals are multiplexed 
by the optical multiplexer to be outputted to the optical 
transmission line. 

(01 1 6] Fig. 23 is a diagram showing an example of a 
configuration In which input transmission lines to a node 
are switched. 

(0117) A multi-waveiength selection filter selects a 
wavelength-multiplexed optical signal (two wavelengths, 
in this case) outputted from a 0-system node. Assume 
that a fault is detected in the optical signal of wavelength 
a2. In this case, only the optical signal of wavelength X2 
is switched from a 0-system to a 1 -system by eliminat- 
ing the RF signal of a frequency f2 which was applied to 
the multi-wavelength selection filter provided on the 0- 
system side, and by applying the RF signal of a fre- 
quency f2 to the multi-wavelength selection filter pro- 
vided on the 1 -system side. 

(01 18] That is. optical signals are inputted to the multi- 
wavelength selection fitters which are provided for the 
respective systems, from the transmission lines 
duplexed into a 0-system and a 1 -system. The monitor 
circuit monitors optical signals oulputted from the 
respective systems before the inputs of the multi-wave- 
length selection fitters. On the left of Fig. 23, an optical 
signal propagating through the 0-system transmission 
line is used. In order to do so, the monitor circuit applies 
the RF signal of frequencies f 1 and f2 to the 0-system 
multi-wavelength selection filter, but does not apply an 
RF signal to the 1 -system nrwiti-wavelength selection fil- 
ter. Therefore, the optical signal of wavelengths XI and 
a2 which has propagated through the 0-system trans- 
mission line is transmitted to the optical coupler to be 
inputted to the optical XC node. 
(0119] Fig. 23 shows a control method in the case 
where a fault occurs on the optical signal of a wave- 
length X2 between the opticai signals from the 0-sys- 
tem. In this case, the rrwnitor circuit applies the RF 
signal of a frequency f1 to the 0-system multi-wave- 
length selection titer, and applies the RF signal of a fre- 
quency f2 to the 1 -system mufti-wavelength selection 
filter. Then, the optical signal of wavelength A,1 between 
the optical signals which have propagated through the 
0-system transmission line, and the optical signal of 
wavelength X2 (indicated by X2') between the optical 
signals which have propagated through the 1 -system 
transmission line are inputted to the optical signal cou- 
pler. The optical coupler couples these optical signals to 
be inputted to the optical XC node. 
[01 20] In the above-mentioned, as for the optical sig- 
nals which have propagated through transmission lines, 
the optical signal of only two wavelengths is nrwltiplexed. 
However, the optical signals of wavelengths more than 2 
can be multiplexed. 



[01 21 ] A redundant configuration of an optical XC sys- 
tem which uses a redundant configuration at a node 
output portion, and also uses a redundant configuration 
at the input transmission line to a node, according to the 

5 present embodiment In which a multi-wavelength selec- 
tion filter Is used as an optical selector, can be config- 
ured by switching the selector as shown in the 
redundant configuration of Figs. 4 and 5 with a multi- 
wavelength selection filter Therefore, an example of the 

10 redundant configuration of an optical XC system using a 
multi-wavelength selection filter is omitted. 
(01 22] Fig. 24 is a diagram showing an example of the 
configuration of a monitor circuit to be used for a redun- 
dant configuration of an optical XC system using a 2- 

15 input and 2-output type multi-wavelength selection filter. 
[0123] According to the configuration shown in Rg, 
24. in order to handle a wavelength-multiplexed optical 
signal, optical signal detectors 225-1 to 225-n (the con- 
figuration of these detectors is the same as that shown 

20 in Fig. 3) are required for the respective wavelengths, in 
wavelength-nujitiplexed optical signal detectors 220 and 
221. When the opticai signals of wavelengths XI - Xn, 
which are inputted from transmission lines are inputted 
to the wavelength-multiplexed optical signal detectors 

25 220 and 221, the thus-inputted optical signals are 
denrrultiplexed into optical signals of the respective 
wavelengths by a deoujltiplexer 224, The thus-demulti- 
plexed optical signals of the respective wavelengths are 
inputted to the respective optical signal detectors 225-1 

30 to 225-n. and it is detected whether or not a fault has 
occun-ed in these optical signals. In Fig. 24, however, 
the configuration inside the wavelength-multiplexed 
optical signal detector 221 of the 1 -system is omitted. 
[0124] The optical signals outputted from the optical 

35 signal detectors 225-1 to 225-n of the 0-system (the 
optical signal detectors of the 1 -system are not shown), 
which are provided for the respective wavelengths, are 
inputted to a determination circuit 222. Then a control 
signal is transmitted to a multi-wavelength selection fil- 

40 ter according to the conditions of the thus-inputted opti- 
cal signals for the respective wavelengths. A 2-input and 
2-output type multi-wavelength selection filter drive cir- 
cuit 223 which has received the control signal outputs 
an RF signal to a multi -wavelength selection filter based 

45 on the thus-received control signal. The multi-wav - 
length selection filter can switch an optical signal with 
another optical signal of a suitable wavelength by pro- 
viding an RF signal of various frequencies. 
[01 25) Fig. 25 is a diagram showing an example of th 

50 configuration of a nrxjnitor circuit to be used for a redun- 
dant configuration of an optical XC system using a 1 - 
input and 1 -output type multi-wavelength selection filter. 
[0126] In this figure, the same numerals as those 
shown in Fig. 24 indicate the same elements. The opti- 

55 cal signals of wavelengths XI to X1 inputted from a 0- 
system and a 1 -system are demultiplexed into the opti- 
cal signals of the respectiv wavelengths by a demulti- 
plexer 224 provided in th wavelength-multiplexed 
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Optical signal detectors 220 and 221. The thus-demulti- 
plexed optical signals are inputted to the optical signal 
detectors 225-1 to 225-n which are provided for the 
respective wavelengths. The optical signal detectors 
225-1 to 225-n monitor a fault of the thus-inputted opti- 
cal signals. When these detectors detect that the power 
level of the optical signal is smaller than the reference 
value due to any fault, they transmit this signal to a 
determination circuit 230. The determination circuit 230 
has output terminals Ql to Qn corresponding to the 
respective wavelengths and Ql bar to Qn bar which are 
the inverse of Q1 to Qn. The determination circuit 230 
transmits a control signal for switching between the 0- 
system multi -wavelength selection filter and the 1 -sys- 
tem multi-wavelength selection filter, to 1 -input and 1- 
output type multi-wavelength selection filter drive cir- 
cuits 231 and 232. This control signal is outputted from 
the output terminal corresporxiing to the optical signal 
of a wavelength in which a fault has been detected, and 
the inverted output terminal. In the case of the 1 -input 
and 1 -output type multi-wavelength selection filter, two 
drive circuits are required since two filters are used. In 

this case, while one drive drcuit outputs fi {i=1, 2 n) 

as an RF signal, the other drive circuit does not output fi. 
[0127] As mentioned above, according to the present 
invention, a demultiplexer for each system, an optical 
signal selector, and a multiplexer for each wavelength 
are used at a node output portion and an input transmis- 
sion line to a node in a protection switch, in an optical 
XC system in which a node or a transnnission line is 
duplexed. The present invention has an effect such that 
the optical signal of a normal wavelength will not be 
affected (a transmission quality will not deteriorate) by 
only switching the system of the optical signal of the 
wavelength in which a fault occurs with the other switch, 
so that the present invention can significantly contribute 
to the increase of efficiency of a wavelength-multiplexed 
optical signal transmission system using this redundant 
configuration. 

[01 28] Further, the present invention can easily obtain 
an effect such that the optical signal of a normal wave- 
length will not be affected (a transmission quality will not 
deteriorate) by using a multi-wavelength selection filter 
and by switching the system of the optical signal of a 
wavelength in which a fault has been detected with the 
other system. 

Claims 

1. An optical wavelength multiplexing system includ- 
ing a plurality of input and output optical fbers for 
transmitting wavelength-multiplexed optical signals, 
for processing the optical signals for each wave- 
length, comprising: 

an output side of a node duplexed into a first 
system and a second system, and a protecti n 
switch having: 



a demultiplexer (10. 1 1) for demultiplexing opti- 
cal signals to be inputted after their wave- 
lengths have been multiplexed, into optical 
signals of respective wavelengths; 

5 an optical selector (12. 13) provided for each 

wavelength, for selecting optical signals output- 
ted from either one of the duplexed nodes: and 
a multiplexer (14) for multiplexing optica! sig- 
nals of respective wavelengths transmitted 

10 from the optical selector, and 

wherein when a fault is detected in an optical 
signal of a certain wavelength included in opti- 
cal signals transmitted from either one of the 
systems, the optical selector only switches an 

)5 optical signal of the wavelength in which the 

fault is detected, into the other system. 

2. An optical wavelength multiplexing system includ- 
ing a plurality of input and output optical fibers for 
20 transmitting wavelength -multiplexed optical signals, 
for processing the optical signals for each wave- 
length, comprising: 

an output side of a node duplexed into a first 
25 system and a second system, a protection 

switch having: 

an optical selector provided for each wave- 
length, for selecting optical signals outputted 
from either one of the duplexed nodes; and 
30 a multiplexer for multiplexing optical signals of 

respective wavelengths transmitted from the 
optical selector, and 

wherein when a fault is detected in an optical 
signal of a certain wavelength included in opti- 
35 cal signals transmitted from either one of sys- 

tems, the optical selector only switches an 
optical signal of the wavelength in which the 
fault is detected, into the other system. 

40 3. An optical wavelength multiplexing system includ- 
ing a plurality of input and output optical fibers for 
transmitting wavelength-multiplexed optical signals, 
for processing the optical signals for each wave- 
length, comprising: 

45 

a transmission line duplexed into a first system 
and a second system, a protection switch hav- 
ing: 

a demultiplexer for demultiplexing optical sig- 
50 nals to be inputted after their wavelengths have 

been multiplexed, into optical signals of respec- 
tive wavelengths; 

an optical selector provided for 'each wave- 
length, for selecting optical signals outputted 
55 from either one of the duplexed nodes: and 

a multiplexer for multiplexing optical signals of 
respective wavelengths transnnitted from the 
optical selector, and 
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wherein when a fault is detected in an optica! 
signal of a certain wavelength included in opti- 
cal signals transmitted from either one of sys- 
tems, the optical selector only switches an 
optical signal of the wavelength in which the 
fault is detected, into the other system. 

4. An optical wavelength multiplexing system includ- 
ing a plurality of input and output optical fibers for 
transmitting the wavelength -multiplexed optical sig- 
nals, for processing the optical signals for each 
wavelength, comprising: 

a transmission line duplexed into a first system 
and a second system, a protection switch hav- 
ing: 

an optical selector provided for each wave- 
length, for selecting optical signals outputted 
from either one of the duplexed nodes; and 
a demultiplexer for demultiplexing optical sig- 
nals of respective wavelengths transmitted 
from the optical selector, and 
wherein when a fault is detected in an optical 
signal of a certain wavelength included in opti- 
cal signals transmitted from either one of sys- 
tems, the optical selector only switches an 
optical signal of the wavelength in which the 
fault is detected, into the other system, 

5. The optical wavelength multiplexing system accord- 
ing to claim 1 or claim 2. wherein an optical signal 
distributor is provided at an output of the protection 
switch, and wavelength-multiplexed optical signals 
are distributed to duplexed transmission lines. 

6. The optical wavelength multiplexing system accord- 
ing to claim 3 or claim 4, wherein an optical signal 
distributor is provided at an output of the protection 
switch, and wavelength-multiplexed optical signals 
are distributed to duplexed optical nodes. 

7. The optical wavelength multiplexing system accord- 
ing to claim 1 or claim 2, wherein optical signal dis- 
tributors and duplexed protection switches are 
provided on an output side of the node, and a wave- 
length-multiplexed optical signal is split by the opti- 
cal distributor to be distributed to the duplexed 
protection switches. 

8. The optical wavelength multiplexing system accord- 
ing to claim 3 or claim 4. wherein optical signal dis- 
tributors arxJ duplexed protection switches are 
provided at the transnrussion line; and a wave- 
length-multiplexed optical signal is split by the opti- 
cal distributor to be distributed to the duplexed 
protection switches. 

9. The optical wavelength muttipiexing system accord- 



ing to claim 1 or daim 2. wherein a transmission 
line is duplexed into a third system and a fourth sys- 
tem on an output side of the node, the protection 
switch has a configuration such that the demulti- 

5 plexer and the optical selector are provided con-e- 
sponding to the third and the fourth system, an 
optical distributor for splitting an optical signal out- 
putted from the demultiplexer is provided for each 
wavelength between the demultiplexer and the opti- 

70 cal selector, and thus-split optical signals are 
respectively distritiuted to the optical selectors pro- 
vided corresponding to the third system and the 
fourth system. 

15 10. The optical wavelength multiplexing system accord- 
ing to claim 3 and claim 4. wherein 

a node to which the transmission line is con- 
nected is duplexed into a third system and a 

20 fourth system. 

the protection switch has a configuration such 
that the demultiplexer and the optical selector 
are provided corresponding to the third system 
and the fourth system, and an optical distribu- 

25 tor for splitting an optical signal outputted from 

the demultiplexer is provided for each wave- 
length between the demultiplexer and the opti- 
cal selector, and thus-split optical signals are 
respectively distributed to the optical selectors 

30 provided caresponding to the third system and 

the fourth system. 

11. The optical wavelength multiplexing system includ- 
ing a plurality of input and output optical fbers for 

35 transmitting wavelength-multiplexed optical signals, 
for processing the optical signals for each wave- 
length, comprising: 

a filter for selecting an optical signal of a plural- 
40 ity of arbitrary wavelengths provided at a pro- 

tection switch fa switching systems of outputs 
of nodes duplexed into a first system and a sec- 
ond system, and 

wherein when a fault is detected in an optical 
45 signal of a certain wavelength included in opti- 

cal signals transmitted from either one of sys- 
tenns. the filter only switches an optical signal of 
the wavelength in wfiich the fault is detected, 
into the other system. 

so 

12. The optical wavelength multiplexing system includ- 
ing a plurality of input and output optical fbers for 
transmitting the wavelength-multiplexed optical sig- 
nals, for processing the optical signals for each 

55 wavelength, comprising: 

a fitter for selecting an optical signal of a plural- 
ity of arbitrary wavelengths provided at a pro- 
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tection switch for switching systems of 
transmission lines duplexed into a first system 
and a second system, and 
wherein when a fault is detected in an optical 
signal of a certain wavelength included in opti- 
cal signals transmitted from either one of sys- 
tems, the fitter only switches an optical signal of 
the wavelength in which the fault is detected, 
into the other system. 



the switch means comprises an optical switch. 

19. The optical wavelength multiplexing system accord- 
ing to daim 17. wherein 

the switch means comprises an optical gate. 

20. The optical wavelength multiplexing system accord- 
ing to claim 17, wherein 



1 3. The optical wavelength multiplexing system accord- 
ing to claim 1 1 and 12. wherein 



the switch means comprises an acousto-opti- 
cal fitter. 



the protection switch is configured by combin- 
ing a two-input and two-output type multi-wave- 
length selection filter and an optical coupler. 

14. The optical wavelength multiplexing system accord- 
ing to claim 1 1 and 12. wherein 



15 



the protection switch is configured by connbin- 
ing a one-input and one-output type multi- 
wavelength selection filter and an optical multi- 
plexer. 

15. The optical wavelength multiplexing system accord- 
ing to claim 13. wherein 

a node and a transmission line of the optical 
wavelength multiplexing system are duplexed 
by combining the protection switches. 



25 



30 



1 6. The optical wavelength multiplexing system accord- 
ing to claim 14, wherein 

a node and a transmission line of the optical 
wavelength multiplexing system are duplexed 
by combining the protection switches. 



35 



1 7. An optica) wavelength multiplexing system having a 
transmission line for propagating an optical signal 
and nodes connected by the transmission line, the 
system having redundancy by being provided with a 
plurality of the transmission lines and a plurality of 
the nodes, the system comprising: 



40 



45 



nrronitor means for mortitoring a multiplexed- 
wavelength optical signal to be transmitted, for 
each wavelength; 

switch means for switching an optical signal of 
a wavelength in which a fault occurs among 
optical signals outputted from the plurality of 
transmission lines or the plurality of nodes, to 
an optcal signal outputted from the other trans- 
mission line or the other node. 



so 



55 



1 8. The optical wavelength multiplexing system accord- 
ing to claim 17, wherein - 
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